Background Hepatocellular carcinoma (HCC) is one of the most common cancers in the world and is particularly prevalent in China. China is also a hyperendemic area for hepatitis B virus (HBV) infection. Although a strong association between HBV infection and HCC has been established previously, the role of hepatitis C virus (HCV) infection and the interaction between HBV and HCV in the development of HCC has not been adequately explored. The major objective of this study is to determine the relationship between HBV or HCV infection and HCC by use of case-control study in Henan, China.
A case-control study of hepatitis B and C virus infection as risk factors for hepatocellular carcinoma in Henan, China
Background Hepatocellular carcinoma (HCC) is one of the most common cancers in the world and is particularly prevalent in China. China is also a hyperendemic area for hepatitis B virus (HBV) infection. Although a strong association between HBV infection and HCC has been established previously, the role of hepatitis C virus (HCV) infection and the interaction between HBV and HCV in the development of HCC has not been adequately explored. The major objective of this study is toHepatocellular carcinoma (HCC) is one of the most common cancers in the world, and is particularly prevalent in Africa and Asia. 1 ' 2 In China, HCC is the third leading cause of cancer death, after cancer of the stomach and oesophagus. Geographical variation in the mortality rate of this cancer is also evident in China. The counties and provinces or autonomous regions with higher mortality rates are arranged in a band running from north to south along the southeastern seacoast. Henan province, which is located in central China, has a population of about 90 million people. In 1992 the Henan Tumor Research Institute reported a mortality rate for malignant liver tumour in Henan province of 22.78 per 100 000 people annually. This rate is relatively high compared to the standardized mortality rate for HCC in China. In China and other countries the principal aetiological factors for HCC have been identified as hepatitis B virus (HBV) or hepatitis C virus (HCV) infection, dietary exposure to aflatoxin, alcohol drinking and oral contraceptive use. On a worldwide basis, chronic infection with HBV has been considered to be the most important risk factor for HCC, being implicated in about 80% of cases. Since diagnostic systems for HCV infection have become available, HCV infection has become recognized as a more important aetiological factor in the pathogenesis of HCC than HBV in some parts of the world and HBV infection is implicated in less than 30% of HCC cases in low-endemicity countries. In those countries the incidence of HCC has increased during the past decade, although cases of HBV infection have remain unchanged or are instead increasing. It has recently been shown that the HCC cases which are negative for HBV infection are often linked to HCV infection. 4 ' 5 Up to now we do not know which factor is the most important risk factor in the development of HCC in Henan. Henan is a hyperendemic area for HBV infection. Although a strong association between HBV infection and HCC has been established by many studies in China and other countries, the role of HCV infection, and the interaction between HBV and HCV in the development of HCC in Henan has not been adequately explored. The major objective of this study is to determine the relationship between HBV or HCV infection and HCC in Henan using a case-control study.
Materials and Methods
In this study, 152 patients with HCC were recruited among patients admitted between January 1994 and October 1995 to four hospitals in Henan province, including the First and Second Teaching Hospital of Henan Medical University, Henan Province Hospital and Henan Tumor Hospital. Diagnosis of HCC was based on elevated serum alpha-fetoprotein (AFP >400ng/ml) together with a lesion In the liver detected by ultrasonography or computerized tomography. Of these HCC patients, 95 had a histopathological diagnosis of HCC. In all, 115 controls with nonhepatic disease were randomly selected from patients who were admitted to the same hospitals. Of these controls, 21, 62 and 32 suffered from diseases which needed treatment in the Divisions of Surgery, Internal Medicine and Cancer, respectively. Every control patient was definitely diagnosed as suffering from a disease which was not associated with hepatic disease. We selected controls so that distribution by sex and age was as similar as possible to that of cases. The characteristics of 152 HCC patients and 115 control patients are shown in Table 1 . The demographic characteristics of the two groups were comparable. There were 136 male patients and 16 female patients in the case group (mean age: 51.9 ± 12.5 years; age range: 18-88 years). There were 99 male patients and 16 female patients in the control group (mean age: 52.5 ± 12.7; age range: 17-86 years), hi further analysis, a 1:1 pair-matched case-control study was performed. Of 152 HCC patients, 113 were randomly selected to be pair-matched by sex and age (±5 years) to the controls with non-hepatic disease.
All the cases and controls were interviewed during hospitalization by two specially trained interviewers using a standard questionnaire which gathered information on demographic characteristics, past medical history, family history of liver disease and malignant neoplasm, history of alcohol drinking and cigarette smoking, dietary history (peanut, peanut oil, corn and vegetable consumption), history of contact with toxic substances (chemical or pesticide exposure), history of blood transfusion and psychosocial features.
All the blood specimens collected were aliquoted and stored at -70°C until tested. All sera were tested for hepatitis B surface antigen (HBsAg), antibody to hepatitis B core antigen (antiHBc), antibody to HBsAg (anti-HBs), hepatitis B virus DNA (HBV-DNA) and antibody to hepatitis C virus (anti-HCV). The HBsAg and anti-HBs were tested by radioimmunoassay (RIA), and anti-HBc and anti-HCV by enzyme immunoassay (EIA), HBV-DNA was detected by using polymerase chain reaction (PCR). We also carried out reverse transcription polymerase chain reaction (RT-PCR) for the detection of HCV-RNA to confirm HCV infection in these sera with anti-HCV positivity. Infection with HBV was defined as that at least one of four markers of HBsAg, anti-HBs, anti-HBc and HBV-DNA was positive.
The odds ratio (OR) and 95% CI for the risk factors of HCC were calculated by logistic regression model, controlling for possible confounding factors such as sex and age, using the SAS statistical package. Multivariate analysis was done on the basis of the univariate analysis. The rates and ratios of this study were compared by using the x 2 test. Probability values P * 0.05 were considered statistically significant. 
Results
The prevalence of HBsAg, HBV-DNA and anti-HCV in patients with HCC and controls
As shown in Table 2 , the prevalence of anti-HCV was slightly higher in HCC patients (11.2%) compared with controls (3.5%).
The prevalence of HBsAg, HBV-DNA and HBV infection in controls (5.2%, 1.7%, 9.6%) was significantly lower than that in HCC (63.2%, 24.3%, 76.3%). The rate of both HBsAg and/ HBV-DNA positivity showed a significant difference between the two groups. The rate of both HBsAg and/or anti-HCV positivity or both HBV and/or anti-HCV positivity in the HCC group were 7.9%, 66.4% and 9.2%, 78.3%, respectively.
Analysis of HBV and HCV as risk factors for HCC
To assess the effect of interaction of HBV and HCV on the risk of developing HCC, we analysed the individual effect of these two viruses. The risk of developing HCC (Tables 3 and 4) (Table 4 ) also suggested the additive effect of dual HBV and HCV infection on risk for HCC.
For the purpose of analysing HBV, HCV and other factors as risks for HCC, the unconditional logistic regression model for the multivariate analysis was done on the basis of the univariate analysis. These factors, including the history of liver disease (individual and family), alcohol drinking, dgarette smoking, dietary allatoxin intake (com, peanut and peanut oil consumption), history of contact with toxic substances (chemical or pesticide exposure), history of blood transfusion, psychosocial factors, HBV and HCV infection were selected into the model for multivariate analysis. The results showed that history of liver disease, history of alcohol drinking, dietary aflatoxin intake, psychosocial factors and HBV infection contributed to the development of HCC in Henan. In particular, the OR value of HBV infection was very high (OR = 44.58; 95% CI : 12.54-158.49). The detailed results related to the multivariate analysis will be addressed in a separate paper.
In a further analysis, a 1:1 pair-matched case-control study was performed. Of 152 HCC patients, 113 were randomly selected to be pair-matched by sex and age (±5 years) to the controls. The results of univariate analysis of risk factors for HCC showed that HBsAg positivity (OR = 32.50; 95% CI : 13.20-80.00) and HBV infection (OR = 18.75; 95% CI: 9.04-38.89) presented significantly elevated HCC risks (P < 0.001), but there was no significant association between HCV infection and HCC (OR = 3.00; 95% CI: 0.88-10.27). The conditional logistic regression analysis for multivariate analysis also indicated that HBV infection was an important risk factor for HCC (OR = 30.17; 95% CI : 9.44-96.40). In this study, the results from 1:1 pair-matched case-control study were basically consistent with the results from the group-matched casecontrol study described earlier. Table 4 Risk factor analysis of hepatitis B virus (HBV) infection and antibody to hepatitis C virus (anti-HCV) seropositivity in patients with hepatocellular cardnoma (HCC) and controls with non-hepatic disease 
Discussion
This is the first reported case-control study of HCC in Henan, China. Our study provides further evidence that chronic HBV infection is strongly associated with the development of HCC among this population. In this study, seropositivity for HBsAg, HBV-DNA and anti-HCV in HCC were 63.2%, 24.3% and 11.2%, respectively which suggests that most HCC were the result of virus-related chronic liver disease.
A dose relationship between the development of HCC and persistent HBV infection has been stressed in various areas of the world. 6 " 8 Long before the discovery of HBV antigen, some researchers noted that chronic hepatitis and liver cirrhosis were the predetermining factors of HCC. Even with the earlier insensitive tests, it was repeatedly found that positive HBsAg serology was found in a much greater percentage of HCC cases than in controls. Improvement in the sensitivity of the serological test for HBV markers further confirmed the assumption that HBV infection is closely related to the development of HCC. From most case-control studies, the estimates of OR for HBsAg positivity are in the range 10- 16 and 29% in the US. 17 However, it was reported that 70-90% of Japanese HCC patients were positive for anti-HCV. 41819 In our study, the prevalence of anti-HCV was slightly higher among the HCC patients compared with the control population. The OR values of HBsAg positivity by itself and HBV infection when used to compare HCC patients and patients with non-hepatic disease indicate that HBsAg positivity or HBV infection is one of the most important risk factors for HCC. The OR values of HCV infection in our study were not significantly higher. This may be due to the small number of subjects. Moreover, the risk of developing HCC increased significantly and showed an additive effect modification when both viral markers of HBV and HCV infection were considered. Multivariate analysis also showed a similar conclusion about the role of HBV infection as a risk factor for development of HCC.
The mechanism of HCC development in association with the hepatitis virus has been well explained for HBV. It was shown that the HBV genome could be integrated into host chromosomal DNA at a high rate and activate cellular oncogenes. Recent studies have indicated that the HBV X gene induced liver tumours in transgenic mice and interacted directly with the p53 gene. Dysfunction of the p53 gene may promote the genomic instability. 20 ' 21 However, the mechanism of hepatocardnogenesis of HCV remains unknown. Hepatitis C virus is a single-stranded RNA virus without reverse transcriptase, and there is no evidence that the HCV genome contains an oncogene or that it integrates into the host genome. Therefore, an 'insertion mutagenesis theory' or a 'promoter insertion model' cannot be applied. In order to answer these questions, an animal model of HCV-related hepatocarcinogenesis would be helpful in establishing an aetiologic assodation. Furthermore, it is shown that in 10-20% of all patients in our study, the aetiology of HCC was unknown. This suggests that there is some unknown viral agent or other factors. Our previous study found that there was a prevalence of 12.4% of hepatitis D virus (HDV) infection in Chinese HCC patients with HBsAg positivity. Recently, it was reported that a new viral agent, so-called hepatitis G virus (HGV), has been identified. 2223 The relationship between HDV, HGV infection and HCC development remains to be determined. Meanwhile, our multivariate analysis results also show that dietary aflatoxin intake, alcohol drinking and psychosodal factors might be related to the development of HCC in Henan region. At present, we cannot exdude the possibility that HDV, HGV infection and other environmental carcinogens may lead to HCC.
The significance of HCV infection as a risk factor for HCC warrants further evaluation because the number of subjects in our study was small. The precise role of dual infection in the development of HCC is unknown. The clinical manifestation of HCC tended to be more severe in patients with concurrent HBV and HCV infection than in patients with HBV infection alone. Superinfection of HCV in an HBsAg carrier can also cause episodic necroinflammation, which may explain the probably additive action of both viruses as risk factors for HCC. Our study has suggested that HCV and HBV infection are independent and probably additive risk factors for HCC. The findings of this study have also indicated that HBV has played the most important role in the development of HCC in Henan, China, which is similar to the results reported in other populations in China. We consider that control of HBV infection remains of key importance for eliminating HCC ultimately.
